First-harvest, precision-chopped Lolium perenne grass with a dry matter (DM) content of 132n0 g\kg and water-soluble carbohydrate (WSC) and crude protein (CP) contents of 24 g\kg and 106 g\kg DM, respectively, was ensiled in farm scale silos following the addition of formic acid (FA) (2n5 l\t) or molassed sugarbeet pulp (MSBP) (50 kg\t). Mature twin-bearing ewes (n l 56) were allocated to one of seven treatments and offered either FA-treated silage or MSBP silage ad libitum. The trial commenced on day 91 of pregnancy, when the ewes were offered FA-treated silage (T1), FA-treated silagejsoyabean meal (T2), MSBP silage (T3), MSBP silagejsoyabean meal (T4), FA-treated silagejMSBP (T5), FA-treated silagejMSBPjsoyabean meal (T6) or FA-treated silageja barleybased supplement (150 g CP per kg DM) (T7, control). Soyabean meal supplementation was only offered in the last 3 weeks of pregnancy, with the objective of achieving a total CP intake of 220 g\ewe per day. Compared with the FA-treated silage, the MSBP silage had a higher nitrogen content (P 0n01) and a lower neutral detergent fibre (NDF) content, but the two silages did not differ in DM, acid detergent fibre (ADF) or gross energy contents. Silage DM intakes (SDMI) were higher on the MSBP silage-based diets (T3, T4) than for any other treatment (P 0n05). The addition of soyabean meal significantly increased SDMI in T2 in the last week of pregnancy (P 0n05), but there was no response in SDMI to soyabean meal supplementation in any of the other treatments. Ewe liveweight changes (kg) of k0n4, 4n1, 7n8, 10n2, 7n1, 9n6 and 10n8 (..p1n2), body condition score changes of k0n96, k0n59, k0n42, k0n33, k0n37, j0n01 and k0n27 (..p0n1) and total lamb birth weights (kg) of 8n0, 8n7, 9n2, 9n9, 8n6, 8n0 and 10n4 (..p0n5) were recorded for ewes in T1 to T7 respectively.
INTRODUCTION
Silage as a sole feed in late pregnancy does not meet the estimated energy requirements of ewes carrying twin lambs (Sheehan et al. 1977) . Robinson (1983) estimated the metabolizable energy (ME) requirements to range from 12n1 to 18n8 MJ ME\day for a 70 kg ewe producing twin lambs of total birth weight 10 kg, in the final 2 months of pregnancy. There is also a large increase in the ewe's net protein requirements for udder growth and colostrum production in the last 2 weeks pre-partum (Robinson 1985) . Hence, this author recommends that, with good quality hays and silages, daily concentrate supplements ranging from 450 to 700 g per ewe can adequately meet the ewe's energy requirements in the last 8 weeks of pregnancy. Molassed sugarbeet pulp (MSBP) has been used as a silage additive and has the advantages of being a sugar source, an effluent absorbent and an energy-rich feed. In addition, the mixing of feed such as sugarbeet pulp with grass at the time of silage making can provide some management benefits at feeding time. In feeding trials with beef cattle, Jones & Jones (1988) have shown better animal performance from the inclusion of MSBP in the grass at ensiling than from feeding an equivalent amount as a supplement to silage. Done (1988) showed significantly higher daily liveweight gains, in both weaned suckled calves and lambs, from the inclusion of MSBP in the grass at ensiling than from feeding an equivalent amount separately as a supplement to silage. However, there is a lack of published data on the effects of adding MSBP during ensilage on the performance of pregnant ewes, and especially where silage additives have been used to improve the fermentation quality of the grass. The experiment reported here was designed to study the effects of feeding either grass silage or MSBP, fed either separately or ensiled, on the performance of twinbearing ewes, compared to a control diet as recommended by Robinson (1985) . A further objective was to measure the effects on ewe performance of supplementing the silage diets with additional protein in the form of soyabean meal, to take account of the increased requirements for protein in the final weeks of gestation.
MATERIALS AND METHODS

Silage making
Grass from a primary growth of perennial ryegrass was mowed on 2 June and was picked up using a precision chop harvester on 4 and 5 June. The weather during this period was extremely unfavourable for good silage making. There were 7n5, 1n5 and 2n8 mm of rainfall on 3, 4 and 5 June respectively. Temperatures (mC) for these three days were : 2 June, 12n9 : 3 June, 10n6 : 4 June, 10n7. There were no bright sunshine hours on either 3 or 5 June and only 2n1 h on 4 June. The two experimental treatments were (i) dried molassed sugarbeet pulp applied at a rate of 50 kg\t of fresh grass and (ii) formic acid (' Add-F ' ; BP Chemicals Ltd) applied at a rate of 2n5 l\t of fresh grass.
Each trailer-load of herbage was weighed as it entered the yard. The MSBP was applied to each load of grass with an industrial loader as it moved over the grass pile. The mix was then ensiled. A layer of herbage only was applied to the surface of the silo in which MSBP has been incorporated, in order to eliminate the loss of MSBP in surface waste (Ferris 1991) .
Animals
Mature (2-4 year old) Suffolk-cross, twin-bearing ewes were selected following pregnancy scanning in December. Oestrus had been synchronized, using intravaginal pessaries for 12 days followed by intramuscular injection of 650 i.u. pregnant mare serum (Intervet Laboratories Ltd), for mating in October to Suffolk and Texel rams. The day of mating was taken as day 0 of the pregnancy. All ewes were shorn in the eighth week of pregnancy.
Treatments and diet
The experiment was designed as a 3i2 factorial plus the control treatment. All ewes were housed in individual pens, measuring 1n5i1n5 m which were bedded regularly with peat moss. At 10 weeks prior to the predicted mean lambing date, the ewes were allocated to one of seven treatment groups (n l 8) which were balanced for age and liveweight. The trial commenced on day 91 of pregnancy, when the ewes had access to one of the two silages which was offered ad libitum as follows : formic acid (FA)-treated grass silage only (T1), FA-treated grass silage, supplemented with soyabean meal (T2), molassed sugarbeet pulp (MSBP) silage only (T3), MSBP silage supplemented with soyabean meal (T4), FA-treated grass silage supplemented with MSBP nuts (at a rate equivalent to the MSBP intake of T3) (T5), FAtreated grass silage supplemented with MSBP nuts (at a rate equivalent to the MSBP intake of T4) and soyabean meal (T6) and FA-treated grass silage supplemented with a 150 g CP per kg DM barley\ soyabean meal concentrate mixture (835 g\kg barley, 140 g\kg soyabean meal and 25 g\kg minerals and vitamins), fed at 100 g\ewe per day initially on day 98 of pregnancy and increased weekly up to 700 g\ewe per day on day 140 of pregnancy (T7, control). In T2, T4 and T6, soyabean meal supplementation commenced on day 126 of pregnancy with the objective of achieving a total CP intake of 220 g\ewe per day. All diets were supplemented with minerals and vitamins.
Experimental procedure
The ewes were weighed on days 91, 126 and 142 of pregnancy, and at 24 h post-lambing, and were body condition scored on days 91 and 142 of pregnancy by an experienced operator. The scoring system used was that described by Jeffries (1961) , which involved giving a condition score on a standardized basis ranging from 0 to 5. Feed was withdrawn for 16 h prior to each weighing. The identity of each ewe was recorded at lambing, together with details of lambs born, their identity via brass ear tags, lamb birth weights and gestation lengths. Following a period of 24-48 h in the individual pens, the ewes with their twin suckling lambs from all treatments were put to grass and co-grazed permanent pasture. Lambs were weighed at 3 weeks of age, and at 2-weekly intervals until weaning at 15 weeks. Mean ewe liveweight and body condition scores were 67n7 (.. 0n91) kg and 3n2 (.. 0n18), respectively, at the beginning of the experiment.
Daily silage allowance was proportionately 1n2 times the previous day's intake. Intake was recorded daily over a 6-day period each week. In the relevant treatments with both silage types, the MSBP nuts and soyabean meal were fed twice daily in two equal amounts. The barley\soyabean meal concentrate was fed twice daily once the quantity exceeded 0n4 kg\ewe\day, otherwise it was fed once daily. Samples of offered silage and residues were collected daily for oven DM determination and bulked for weekly chemical analysis. Fresh drinking water was constantly available.
On day 133 of pregnancy, three ewes from each of the seven treatments were taken from their individual pens and housed in metabolism cages for digestibility and nitrogen balance trials. The ewes were selected on the basis of being of similar liveweight and body condition score and were fitted with urinary catheters. Feed intake, faeces and urinary output were measured for 7 days. The seven treatments imposed in the digestibility and N balance trial were as follows : (i) FA-treated grass silage offered ad libitum, (ii) FAtreated grass silage offered ad libitum, supplemented with 0n287 kg of soyabean meal, (iii) MSBP-silage offered ad libitum, (iv) MSBP-silage offered ad libitum, supplemented with 0n249 kg of soyabean meal, (v) FA-treated grass silage offered ad libitum, supplemented with 0n36 kg MSBP nuts (vi) FA-treated grass silage offered ad libitum, supplemented with both 0n37 kg MSBP nuts and 0n256 kg of soyabean meal, (vii) FA-treated grass silage offered ad libitum, supplemented with 0n6 kg of a barley\soyabean concentrate mixture. The digestibility study was such as to cause only minimal disruption to the main production trial.
Analytical analyses
The DM contents of the herbage, silage and faeces were determined by oven drying at 55 mC for 72 h using forced air circulation. The dried silage was milled through a 1-mm screen (Christy and Norris hammer-mill) and analysed for (i) ash, by burning in a furnace at 600 mC for 4 h, (ii) CP, by the macroKjeldahl method (Kjeldahl Ni6n25), (iii) acid detergent fibre (ADF), by the method of Van Soest (1963) and (iv) neutral detergent fibre (NDF) content, by the method of Van Soest (1976) . Juice expressed from the silage was used to determine pH, and watersoluble carbohydrate (WSC) was determined by the calorimetric method of Wilson (1978) . The ammonia nitrogen was determined by distillation with magnesia (MAFF 1981) . Urinary allantoin was determined using the method of Borchers (1977) .
Statistical analysis
The data were analysed using the General Linear Model procedures (. of the Statistical Analysis System (SAS 1985) -Version 5.16). The analytical data for the grass as ensiled and the silage as fed were statistically analysed as a one-way analysis of variance design, with nine samples per treatment for the grass and 30 fresh and 20 dried samples per treatment for the silages.
Measurements of ewe performance, digestibility and nitrogen balance were first analysed as a completely randomized design and the data were subjected to analysis of variance, providing treatment means with standard errors of the mean. The effects of both methods of MSBP inclusion (none, ensiled or fed separately) and protein (plus soyabean meal\no soyabean meal) inclusion were analysed as a 3i2 factorial, omitting treatment 7. All ewe performance data were adjusted for ewe liveweight at the start of the experiment by covariance. Lamb growth rate values were similarly adjusted for lamb sex.
RESULTS
Chemical composition
The DM, WSC and CP contents of the herbage were low and the ADF indicated that the herbage came from a mature crop (Table 1 ). The chemical composition of the MSBP was within expected limits.
The FA-treated silage preserved better (P l 0n06) than the MSBP silage, as it had a lower pH value ( Table 2 ). The ammonia-N values were moderately high for both silages and indicated that some deterioration had taken place. The DM contents of the formic acid and MSBP-treated silage were 40n6 and 47n4 g\kg higher than the herbage ensiled, and the DM content was similar for the two silages (P 0n05). Compared with the FA-treated silage, the MSBP silage had a higher nitrogen content (P 0n01) and a lower NDF content (P 0n05), while there was no difference in the ADF or gross energy contents (P 0n05). The ash content was higher in the MSBPincorporated silage (P 0n05).
There was no significant interaction between method of MSBP inclusion and protein supplementation for any variable examined. There was no difference (P 0n05) in the digestibility of the DM, organic matter (OM), NDF, ADF or energy (P 0n05) between the MSBP-treated and FA-treated silages (Table 3) . Intakes for individual treatments in the digestibility study were similar to those recorded 
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Ewes offered MSBP-ensiled silage (T3, T4) excreted significantly more urinary allantoin than ewes offered FA-treated silage (T1, T2) (P 0n05) and MSBP-supplemented silage (T5, T6) (2n2 v. 1n4 v. 1n5 g\day, .. 0n23, .. 12; P 0n01). Soyabean meal supplementation increased the level of allantoin excreted (2n2 v. 1n2 g\day, .. 0n18, .. 12; P 0n001) (T2, T4, T6 v. T1, T3, T5). Within individual treatments, the addition of protein to ewes offered FA-treated silage only (T1 v. T2) did not significantly increase urinary allantoin excretion (P 0n05) (Table  4) . Despite the lower nitrogen intake in the control treatment (T7), there was no difference in urinary allantoin excretion between it and the proteinsupplemented treatments.
Four ewes (one from each of T2, T4, T5 and T7) were incorrectly pregnancy scanned and in the analysis were treated as missing values. The effects of treatment on silage DM, total DM, metabolizable energy (ME) and CP intakes from weeks 13 to 18 and from weeks 18 to 21 of pregnancy are presented in Table 5 . Silage DM intake was significantly higher (P 0n001) throughout the last 8 weeks of pregnancy on the MSBP-treated silage (T3, T4) than on the FA-treated silage fed either without MSBP supplementation (T1, T2) or supplemented with MSBP (T5, T6) (1n0 v. 0n74 v. 0n68 kg, .. 0n039, .. 38; P 0n001). Supplementation with soyabean meal had no effect on silage DM intake (P 0n05) (T2, T4, T6 v. T1, T3, T5). However, there was a significant (P 0n05) positive response to protein supplementation in T2 in the last week of pregnancy. In comparison to weeks 13-18, silage DM intake decreased by 8, 9, 5, 4 and 8 % in treatments 1, 3, 4, 5 and 7, respectively, during the last 3 weeks of pregnancy, while silage DM intake increased by 10 and 3 % in treatments 2 and 6 over the same time period. There was no difference in total DM intake according to whether the MSBP was ensiled with the grass (T3, T4) or supplemented separately (T5, T6). Total DM intake was significantly higher with the MSBP-treated silage (T3, T4) than with the FAtreated silage (T1, T2) throughout the last 8 weeks of pregnancy (1n04 v. 0n79 kg, .. 0n039, .. 38; P 0n001). Soyabean meal supplementation significantly increased total DM intake in all treatments (1n00 v. 0n92 kg, .. 0n031, .. 38; P 0n05).
Soyabean meal supplementation increased (P 0n001) total ME intake in all treatments (10n8 v. 9n45 MJ, .. 0n314, .. 38; P 0n01). There was no difference in CP intake according to whether the MSBP was ensiled (T3, T4) or fed as a supplement with FA-treated grass silage (T5, T6) (137n7 v. 133n3 g\ ewe per day, .. 3n86, .. 38). Ewes that were offered the barley-based supplement had an intermediate level of protein intake at 175 g\ewe per day. However, the ewes that were offered the FA-treated grass silage (T1, T2) had a significantly lower CP intake than the ewes that were offered the MSBP-treated silage or the MSBP-supplemented silage throughout the last 8 weeks of pregnancy (P 0n001).
The effects of individual dietary treatments on ewe and lamb performance are presented in Table 6 . There was no difference in ewe performance according to whether the MSBP was offered ensiled (T3, T4) or separately with FA-treated grass silage (T5, T6) in the last 8 weeks of pregnancy. However, from day 91 of 29n4 2 8 n 4 2 9 n 3 2 9 n 9 2 9 n 4 2 8 n 5 2 9 n 8 1n32 96
pregnancy, the ewes that were fed either the MSBPtreated silage (T3, T4) or the MSBP-supplemented silage (T5, T6) had a higher liveweight gain (9n00 v. 8n39 v. 1n85 kg, .. 0n81, .. 38; P 0n001), a lower body condition score loss (0n37 v. 0n16 v. 0n79, .. 0n08, .. 38; P 0n001) and a lower liveweight loss from day 91 of pregnancy to 24 h post-lambing (8n31 v. 6n45 v. 12n41 kg, .. 0n79, .. 38; P 0n001) than the ewes that were fed the FA-treated silage (T1, T2). Soyabean meal supplementation, which commenced on day 126 of pregnancy, increased ewe liveweight gains over the last 3 weeks of pregnancy (4n53 v. 1n71 kg, .. 0n13 kg, .. 38; P 0n001), and decreased liveweight loss from day 91 of pregnancy to 24 h post-lambing (7n40 v. 10n71 kg, .. 0n65 kg, .. 38; P 0n001). Supplementation with soyabean meal also reduced body condition score loss (0n30 v. 0n59, .. 0n06, .. 38; P 0n001) in these treatments. The response to soyabean meal supplementation was greatest when offered with FA-treated silage (T1 v. T2; P 0n01). In contrast with the other treatments, the ewes that were fed the FA-treated silage without supplementation (T1) gained least weight and lost most body condition over the 8-week trial period (P 0n01). These ewes also lost significantly more liveweight (P 0n01) between day 91 of pregnancy and 24 h post-lambing than occurred in any of the other treatments (Table 5) . Litter weights of lambs born to the ewes which were offered the MSBP-treated silage (T3, T4) were heavier (P 0n05) than those of the lambs born to ewes who were offered either FA-treated silage (T1, T2) or MSBP-supplemented silage (T5, T6) (9n56 v. 8n42 v. 8n26 kg, .. 0n37, .. 38). Supplementation with soyabean meal had no effect on total lamb birth weight (8n84 v. 8n65 kg, .. 0n30, .. 38). The birth weights of lambs from ewes offered grass silage and an ascending level of the barley based concentrate (T7) were heavier (P 0n05) than the lambs from treatments 1, 2, 5 and 6. Gestation length was unaffected by the treatments applied (P 0n05).
Lamb growth rate was significantly lower (P 0n001) when ewes had been offered the FA-treated silage (T1, T2) rather than MSBP-ensiled silage (T3, T4) or the MSBP-supplemented silage (T5, T6) (203n0 v. 275n6 v. 272n6 g, .. 15n10, .. 83; P 0n001) from birth to 3 weeks of age. Post-partum lamb performance was not affected by soyabean meal supplementation in late pregnancy. There were no significant treatment effects on lamb weaning weight
DISCUSSION
The DM concentration of the herbage (132 g\kg) is considerably lower than the value of 260 g\kg suggested by Haigh (1987) as being necessary to achieve good preservation without the use of an additive. The weather during harvesting was extremely unfavourable for good silage making, resulting in a low DM herbage being ensiled. The WSC concentration of the herbage ensiled was 24 g\kg fresh material, which is lower than the 30 g\kg recommended by O'Kiely et al. (1986) as being necessary to preserve herbage without the use of an additive. This can be attributed to the diluting effect of surface moisture and the wet overcast weather conditions encountered during the harvesting.
The FA-treated silage preserved better than the MSBP silage, as indicated by a lower pH. Ammonia-N was high for both silages and this is indicative that some deterioration took place. Improved silage preservation has been recorded in other experiments when mixtures of beet pulp and herbage have been ensiled (Done & Appleton 1989 ; Ferris & Mayne 1994) , although other workers have found silage pH and ammonia-N concentrations to be relatively unaffected by beet pulp inclusion (Moseley & Ramanathan 1989) .
The use of FA and MSBP as silage additives increased silage DM by 40n6 and 47n4 g\kg over the herbage ensiled. Similar increases were recorded by Moseley & Ramanathan (1989) . Increases in the DM content of silages with MSBP additions reflected the addition of a dry feed with low effluent losses, whereas the DM increase of the FA silage arose from greater effluent fluid losses (Jones et al. 1986 ). The MSBP silage had a higher N content than the FAtreated silage. Ferris (1991) reported that silage CP concentrations decrease with increasing amounts of beet pulp inclusion, although other workers have found silage CP concentrations to be relatively unaffected by the inclusion of 50 kg beet pulp\tonne of herbage (Moseley & Ramanathan 1989 ). In the current experiment, the initial CP concentration of the herbage ensiled was low. The low silage ME values were a reflection of the loss of non-fibre constituents during ensilage, owing to the difficult ensiling conditions, which resulted in a silage having a higher fibre content.
Owing to the difficult ensiling conditions, the MSBP would have been used to enhance silage preservation, thereby lowering the MSBP's nutritional value. Ferris (1991) reported that the WSC fraction of the beet pulp is actively involved in the silage fermentation process and this is supported by WSC losses of 0n7 in all treatments. These authors also reported that herbage nutrient losses in effluent can be considerable following the ensilage of low DM unwilted material. Although the effluent loss was not quantified in the current experiment, it was observed that there was substantial effluent loss in the weeks following ensiling, despite the addition of 50 kg of MSBP per tonne of herbage ensiled. There would have been c. 225 litres of effluent per tonne of herbage produced (Bastiman & Altman 1985) , of which the MSBP would have retained only 70 l\t (Ferris & Mayne 1990) . To avoid effluent nutrient losses under these conditions, MSBP inclusion would need to have been added at a minimum rate of 120 kg\t.
An approach adopted in many studies to evaluate the nutritional merits of ensiled blends, has been to compare the performance of animals offered equivalent quantities of concentrate feed, either in the form of an ensiled blend or as a supplement to an untreated silage. This approach was also adopted in the current experiment. However, an equivalent quantity of MSBP was offered as a supplement to FA-treated silage. In many studies, the methodology involved in determining the intake of the feed component of the ensiled blend, and consequently the equivalent quantity of feed which should be offered as a supplement to the untreated silage, has been a major limitation.
In the current experiment, the FA-treated silage was supplemented with MSBP in order to achieve the same forage : concentrate DM ratio as occurred when the feedstuff and herbage were mixed at ensiling. However, losses of beet pulp during ensilage arising from effluent and invisible losses have been ignored.
The apparent digestibility coefficients of the DM, OM and energy were increased following soyabean meal supplementation. Digestible DM intake was proportionately increased by 0n40 ; however, the intake of indigestible DM did not alter significantly. This suggests that the soyabean supplement increased intake through an increase in digestibility. Supplementation with soyabean meal resulted in increased DM digestibility by an amount equivalent to the complete digestion of the soyabean meal supplement in the case of the FA and MSBP silage diets. Although the digestibility of the soyabean meal supplement was not determined, complete digestion is unlikely, and this suggests a slight effect of protein supplementation in increasing the digestibility of the silage fraction. Similar results were reported by Gill & England (1984) when using groundnut meal and fishmeal as protein supplements. Thomas et al. (1981) found that the inclusion of soyabean meal in the supplement increased the digestibility of the DM, CP and energy contents of an additive-treated grass silage. Where MSBP was offered as a supplement to FA-treated silage, the DMD of the soyabean meal supplement was 91n6 %. England & Gill (1985) found that there was a positive response in the apparent digestibility of the organic matter to the inclusion of fishmeal in the diet when the apparent digestibility of the basal silage was low, and consequently lower than that of fishmeal. With the exception of Thomas et al. (1981) , there have been poor responses reported when the apparent digestibility of the silage is high. The increases in digestibility in the current experiment in response to soyabean meal supplementation resulted in increases in the intake of digestible energy. Similar results have been reported by Gordon et al. (1981) , working with cows, when an increase in the CP concentration of the supplement of 1 g\kg increased ME intake by c. 0n10 MJ per day.
Offering 0n6 kg of a barley\soyabean meal concentrate with FA-treated silage decreased the digestibility of the ADF, NDF and hemicellulose component of the diet compared to MSBP-based diets. A possible explanation for the increased digestibility of the MSBP-based diets is their different degradability values and the consequences of this for rumen fluid pH. Starch (a major carbohydrate of barley) has a more rapid rate of fermentation than digestible fibre, a major carbohydrate component of the MSBP (Tamminga et al. 1990) . It is likely that a lower rate of degradation of the MSBP-based concentrates did not lower rumen pH to the same extent as is likely with the barley-based diet, which would have reduced the consequent negative effects on silage digestion (Mould et al. 1983) . The decrease in digestibility of the fibre component of the diet when high concentrations of barley-based supplements are fed may have serious consequences for ewe health in late pregnancy. When roughage is of poor quality, it is tempting to feed large quantities of concentrates, which is by no means the ideal solution. Such high levels of concentrate supplementation lead to a rapid fall in rumen pH, a reduction in the growth of rumen microbes that digest fibre, and lowered food intake, which in turn could predispose the ewe to pregnancy toxaemia.
Protein supplementation significantly increased N digestibility of both the silages and the overall diet. Other workers have reported increased silage N digestibility by supplementing silages with protein. In agreement with Gill & England (1984) , protein supplementation in the present study resulted in increased N retention. The protein supplements could have stimulated rumen fermentation and increased the flow of microbial protein to the duodenum. In the current study, soyabean meal supplementation increased urinary allantoin excretion. Allantoin, an end product of purine metabolism excreted in ruminant urine, was proposed as a marker for microbial protein synthesis (Rys et al. 1975) . The amount of allantoin excreted in the urine was shown to be influenced by the diet. The highest rates of urinary allantoin excretion were found in the ewes receiving soyabean meal supplementation (2n2 v. 1n2 g\day). These amounts correspond to rates of microbial protein synthesis of 78 and 38 g\day (Chen & Gomes 1992) for the soyabean meal supplemented and nonsupplemented diets, respectively. However, protein supplementation of FA-treated silage did not significantly increase urinary allantoin excretion and this may have been the result of an energy deficit in this treatment. Because of the link between digestible energy intake and microbial protein synthesis in the rumen, energy undernutrition in ruminant animals is normally accompanied by protein undernutrition, defined in terms of the supply of amino acids to the small intestine (Hovell et al. 1987) . When these animals were used to investigate the effects of dietary treatments on colostrum yield. O'Doherty (1994) reported increased colostrum production, which could be explained by the increased N retention in these animals.
The inclusion of MSBP at harvesting resulted in increased silage DM intake in late pregnancy by 35 % compared with FA-treated silage. The ewes in the present study consumed an average of 1n0 kg DM of MSBP-treated silage of which the MSBP component made up 0n25 kg. The ewes offered FA-treated silage consumed 0n74 kg of DM. This indicates that the increase in silage DM intake with MSBP-treated silage is due to the inclusion of MSBP per se.
Although soyabean meal supplementation in the last 3 weeks of pregnancy did not increase silage DM intake, it did increase total DM intake. Gill & England (1984) also found that protein supplementation increased total DM intake but had no effect on silage DM intake. Predictably, it would be very difficult to obtain an increase in silage intake in the current study, as the ewes were in late gestation. It has been clearly shown in sheep (Forbes 1969 ) that the increasing volume of the uterus causes a reduction in the volume of rumen contents, particularly in the later stages of pregnancy.
The higher DM intakes with the MSBP silage were reflected in higher ME intakes. Soyabean meal supplementation increased ME intake in the last 3 weeks of pregnancy. This increase in ME intake was due mainly to the additional ME supplied by the soyabean meal. Total ME intake was similar whether MSBP was offered as a component of, or as a supplement to, the silage. Similar results were reported by Ferris (1991) with dairy cows. The mean ME intakes during the last 3 weeks of pregnancy were 6n8, 11n4, 9n6, 12n8, 10n5, 13n7 and 14n7 MJ ME\ewe per day for treatments 1-7 respectively. The ME requirement as calculated by Robinson (1983) for the present study is 18 MJ ME\ewe per day. From the above ME calculation, ewes on all treatments in this experiment would be considered to be severely undernourished in respect to dietary energy. Even by aiming to supply 80 % of the energy requirements, only ewes fed the FA-treated silage and the increased amount of concentrate would have reached the target for energy (T7). Because of the low ME intake, the energy for conceptus growth would have largely come from the maternal body reserves.
It is clear in this study that silage on its own (T1), of the quality provided, did not meet the requirements of the twin-bearing ewe and the low ME and crude protein intakes were reflected in unacceptable liveweight losses of 21 %. This overall weight loss was more extreme than previously reported losses of 18-21 % (Russel et al. 1968) , although in one report, Lodge & Heaney (1973) recorded weight losses of 24 % in pregnant ewes from conception to postpartum. However, in this latter report the body weight loss recorded includes the drop in body condition often associated with a lower level of feeding in mid-pregnancy. In the current trial, supplementation in any form (T2-7) reduced body weight loss to within acceptable limits (6n2-15 %) and this was particularly true in the treatments supplemented with soyabean meal. Despite the low energy and protein intakes of the ewes that were fed the FA-treated silage without supplementation, acceptable sized lambs were born (4 kg). However, all ewes were in good body condition (3n24) at the start of the experiment. If the ewes had been in poorer body condition, a bigger difference might have shown in lamb birth-weight in response to energy intake. This study reveals the danger of using lamb birth weight as a sole index of the adequacy or otherwise of dietary energy and protein in late pregnancy.
When ewes were offered grass silage with or without soyabean meal supplementation (T1, T2) the growth rate of their progeny was lower during the first 3 weeks of life than that of the lambs born to ewes that were offered MSBP either ensiled or fed separately with silage. Thereafter, there was no difference in lamb growth rate due to treatment. Similar results were reported by O'Doherty & Crosby (1996) and Khalaf et al. (1979) , who stated that where diets were significantly different during the last 8 weeks of pregnancy, a residual effect on lamb growth rates for at least 3 weeks should be evident. It is clear that late pregnancy nutrition has an effect on lamb growth rate during the first 3 weeks of life. Treacher (1970) considered that pre-partum nutrition had significant effects on total milk production and the shape of the lactation curve. Thin ewes at lambing time would be at a major disadvantage in the absence of an abundance of high quality grass and, in such circumstances, high rates of concentrate supplementation will have to be given if lamb and ewe mortality are to be minimized. Consequently, it is more important that ewes should lamb down with adequate body condition in years when grass is in short supply in the spring.
In general, the differences in performance due to the method of feeding the MSBP were small, although when the MSBP was ensiled with the herbage the lambs were significantly heavier at birth. It is not clear why this should be the case as there were no convincing data to support such an outcome and there were no differences in ewe liveweight gain or body condition due either to ensiling of MSBP or to offering it separately. Furthermore, when MSBP was fed separately with the grass silage it resulted in a significant increase in overall diet digestibility, although these lambs were actually lighter at birth. The increase in lamb birth weight when ewes were offered the MSBP silage (T3, T4) compared with the FA-treated silage (T1, T2) may be attributable to increased energy and protein intakes.
Under the unfavourable weather conditions for silage making in the current study, FA gave a chemically superior silage and it is likely that the MSBP would have been used to enhance silage preservation, thereby lowering the MSBP's nutritional value. Despite this, there was no response to feeding behaviour of structural carbohydrates, non-structural carbohydrates and crude protein from concentrate ingredients in dairy cows. 
